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MEASURING DEVICE WITH PENETRATING ELECTRODE 



The present invention relates to a measuring device having a penetrating electrode of the type 
defined in the definition of the species of Patent Claim 1. The present invention also relates to a 
measuring device, a method for manufacturing a measuring device and an application thereof. 

5 A measuring device of this type is known from DE 38 14 634 Al, US 4,252,124 and US 
4,218,299. 

Such measuring devices are used, for example, to measure the pH of foods such as meat. Usually 
a chamber is formed between the first electrode and the casing, with a second electrode, usually a 
gel, accommodated in the chamber. The two electrodes are connected to an analyzer circuit for 
10 determining the pH of a liquid of the material to be measured that has penetrated between the 
electrodes. 

First electrodes for pH measurement are usually made of glass or have glass as a casing. For the 
measurement, the measuring device together with the glass electrode is driven into the material to 
be measured with great force. The electrode is then subjected to a substantial mechanical stress in 
15 the axial direction, i.e., the direction of penetration, e.g., due to the electrode striking a bone. 
Because of the brittleness of glass, these glass electrodes are able to withstand only a minimal 
stress, which may often result in breakage, e.g., when they become tilted, during penetration or 
extraction of the glass electrode or if it is dropped. 

To avoid this problem, there are known measuring devices in which the glass electrode and/or 
20 the gel surrounding the glass electrode is first enclosed by a glass casing and then by a metal or 
plastic shell. Although this slightly improves the load-bearing capacity of the glass electrode 
perpendicular to the axial direction, even the slightest bending of the casing, which is transferred 
directly to the glass electrode, however, still results in breakage of the glass electrode and/or the 
glass shell surrounding the electrode. 

25 Because of this double casing of glass and plastic, the measuring device has a disadvantageous 
thickness in the area of the tip of the probe, so that large holes are produced in the material to be 
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measured by performing the measurement. Furthermore, such measuring devices having thick 
measuring probes are not suitable for measurements in containers having small insertion 
openings such as bottles, test tubes and the like. 

DE 100 04 583 A 1 describes another measuring device of this species having a penetrating 
5 electrode. To prevent breakage of the glass electrode, the elongated glass electrode is mounted so 
that it is pivotable. Therefore the glass electrode may yield to this load to a certain extent in the 
case of a transverse load perpendicular to its axial direction, so that breakage of the glass 
electrode is usually prevented in this case. It remains problematical if the glass electrode is 
additionally or exclusively subjected to a force in the axial direction of the glass electrode, e.g., 
10 when it directly strikes a hard bone or drops to the floor. In this case, there is still the risk of 
breakage of the glass. 

The object of the present invention is therefore to provide a measuring device which is designed 
to be sturdier with respect to loads in the axial direction of the penetrating electrode. 
Furthermore, a method and an application are also described. 

15 The object regarding the device is achieved according to the present invention by a measuring 
device having the features of Patent Claim 1 and a portable measuring device having the features 
of Patent Claim 24. The object regarding the method is achieved by a method according to Patent 
Claim 26, and the object regarding the application is achieved by a use according to Patent Claim 
28. 

20 According to the present invention, the elongated first electrode of the measuring device is 

mounted so that it is movable in its axial direction and may thus yield to a certain extent into the 
housing of the measuring device in the event of a load, i.e., an impact in the axial direction. This 
impact-absorbing characteristic makes it possible in most cases to prevent breakage of the first 
electrode, which is preferably designed as a glass electrode. 

25 The first electrode is advantageously embedded in a form-fitting manner in a receptacle device. 
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The receptacle device may be designed, for example, as a recess which has sealing devices on its 
lateral walls for sealing and securing the first electrode. 



According to a first embodiment of the present invention, the receptacle device is made of an 
elastic material such as rubber which yields in the axial direction when the first electrode presses 
5 against the receptacle device. 

Additionally or alternatively, the receptacle device may have a damping element which yields in 
the axial direction when there is pressure on the electrode. The damping element may 
advantageously be designed as a rubber buffer or as a mechanical spring. However, a pneumatic 
or hydraulic damping element may also be provided. 

10 In another embodiment of the present invention, the first electrode is inserted into a receptacle 
device which is part of the base plate of the housing, which is advantageously designed to be 
elastic. Additionally or alternatively, the base plate may be designed like a diaphragm so that it 
has folded sections. In the case of a load on the first electrode, the folded sections expand 
perpendicular to the axial direction so that the base plate thus designed yields and also has a 

15 damping effect. 

In an advantageous embodiment, the electrodes are electrically connected to contact pins which 
pass through the base plate. Furthermore, eyes are provided on the outside surface of the base 
plate. The contact pins here are bent so that they are threadable into these eyes in the base plate. 
The contact pins which have been bent in this way and threaded into the eyes form contact 
20 surfaces associated with the particular electrodes via which the measuring device may be 
contacted from the outside. 

The electrodes may be glued or welded fixedly to the base plate, i.e., the housing. Alternatively, 
it would also be advantageous, in particular when using a receptacle device, if one end of the 
electrodes was embedded in a form-fitting manner in a recess in the receptacle device. To this 
25 end, the receptacle device typically has sealing and engagement devices for fixation of the first 
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electrode within the receptacle device. 
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The measuring module has a housing which fixedly surrounds the first electrode and seals it to 
the outside. The interior of the housing defines a chamber to which an electrode liquid is added, 
surrounding the first and/or second electrode(s). A polymer protolyte liquid or gel is 

5 advantageously provided as the electrode liquid. A measuring module having a polymer protolyte 
design has the advantage that the measuring range may be expanded to include problematical 
locations for measurement, e.g., highly polluted wastewater, liquids containing protein, etc. In 
addition, failures and incorrect potentials are prevented when measurements are performed in 
such liquids. This prevents blockage or damage in such measurements using traditional pH 

10 measuring modules containing a silver-saturated potassium chloride solution as the electrolyte. 

In an advantageous embodiment, the measuring probe has a glass tube which contains the first 
electrode and an electrolyte liquid. When there is a load on the measuring probe, only the glass 
tube is advanced in the axial direction while the first electrode, which is fixedly attached to the 
housing, for example, does not move. In another advantageous embodiment, the casing also has a 
15 sleeve on the measurement tip of the measuring probe, this sleeve being displaceably arranged 
with respect to the measuring tip. In this way the measuring tip of the measuring probe may be 
additionally protected. 

In an advantageous embodiment, the measuring device according to the present invention has a 
slender shaft, which has a much smaller diameter in comparison with the other areas of the 

20 housing. In the laboratory area in particular, users of measuring devices are accustomed to 
slender handling devices such as metering pipettes. Because of this slender design of the 
measuring device, it is also suitable for measurements in containers having small insertion 
openings, e.g., bottles, test tubes or other containers. The small tip of the measuring module also 
permits storage of the measuring probe in a belt holder having an integrated container filled with 

25 a storage solution for the electrodes of the pH measuring module. 

In a typical embodiment, the first electrode and/or its safety sleeve is made at least partially of 
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In another very advantageous embodiment, the first electrode is pivotably mounted. The first 
electrode of the measuring device may thus yield to a certain extent when a load is applied 
perpendicular to the axial direction of this load, thereby also preventing breakage of the first 
5 electrode, which is typically designed as a glass electrode. To this end, the first electrode has 
pivoting means, e.g., a joint. With regard to the different types of design and functioning of this 
pivoting electrode, reference is made to DE 100 04 583 Al cited in the preamble, the full content 
of which is herewith included in the present patent application. 

The casing, i.e., the housing of the measuring module is made at least in part of a material 
10 containing SAN or ABS. These are not elastomers but rather plastics which are advantageously 
elastic in a certain range. 

In a very advantageous embodiment, the measuring device has a modular design. This measuring 
module may thus be attached to a portable pH meter as a part of it. Because of this modular 
functionality of the measuring module, it may be replaced at any time. If a pH measuring module 
15 is nonfunctional, it need merely be replaced while the actual meter may still be used. 

The measuring device, i.e., meter, according to the present invention is particularly advantageous 
in measuring pH in foods, in liquids containing protein or in wastewater. This is possible only by 
using a polymer protolyte solution in the chamber of the measuring device. 

Other advantageous embodiments and refinements of the present invention are evident from the 
20 subclaims and the description with reference to the drawing. 

The present invention is explained in greater detail below on the basis of the exemplary 
embodiments. 

Figure 1 shows a schematic cross-sectional diagram of a measuring device according to the 
present invention to illustrate the basic principle of the present invention; 
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Figure 2 shows a first exemplary embodiment of a measuring module according to the 
present invention 

Figure 3 shows a second exemplary embodiment of a measuring module according to the 
present invention; 

5 Figure 4 shows a third exemplary embodiment of a measuring module according to the 
present invention; 

Figure 5 shows a third exemplary embodiment of a measuring module according to the 
present invention in the unstressed state (Figure 5a) and in the stressed state 
(Figure 5b); 

10 Figure 6 shows the housing of a measuring module according to the present invention; 

Figure 7 shows a fifth exemplary embodiment of a measuring module according to the 
present invention; 

Figure 8 shows a sixth exemplary embodiment of a measuring module according to the 
present invention; 

15 Figure 9 shows a detailed illustration of a base plate; 

Figure 10 shows an advantageous method for manufacturing a measuring module according 
to Figure 6; 

Figure 1 1 shows a cross-sectional diagram of a meter having a measuring module according 
to the present invention attached to it modular style. 

20 The same elements or elements having the same function are labeled with the same reference 
numbers in all the figures, unless otherwise indicated. 

Figure 1 shows a schematic cross-sectional diagram of a detail of a measuring device according 
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to the present invention, illustrating the principle of the present invention in general terms. 

Figure 1 shows a detail of a measuring device 1 according to the present invention. Measuring 
device 1 has an elongated first electrode 2 and a housing 3 which encloses first electrode 2 at 
least partially. A measuring tip 4 of first electrode 2 protrudes here out of an opening 5 provided 
5 specifically for this purpose on upper end 6 of housing 3. First electrode 2, typically cylindrical in 
shape, has a longitudinal axis 7 which defines an axial direction X. According to the present 
invention, first electrode 2 is movable in axial direction X in relation to housing 3 when acted 
upon by a force F x . 

On the basis of Figures 2 through 7, five exemplary embodiments of a measuring device 
10 according to the present invention are described below. The measuring device according to the 
present invention is designed here as a replaceable measuring module 10. Measuring module 10 
is designed as a pH measuring module for measuring the pH of liquids, foods, wastewater and 
the like. 

Housing 3 has a casing 1 1 and a base plate (carrier plate) 12. Casing 1 1 is preferably made of a 
15 relatively elastic plastic. One end 13 of first electrode 2 is joined to base plate 12 while its other 
end, i.e., measuring tip 4, protrudes out of casing 1 1 and/or housing 3. First electrode 2 is 
preferably made of glass or has a glass casing and functions as measuring probe 34 in 
determining the pH of a material to be measured. The areas between first electrode 2 and housing 
3 define a chamber 14. The measuring device also has a second electrode 15, designed here as a 
20 silver electrode, protruding from base plate 12 into chamber 14. Chamber 14 is advantageously 
filled with a polymer protolyte solution. 

Housing 3 is sealed tightly toward the outside, except for an inlet for the liquid to be measured. 
To this end, casing 1 1 is joined to base plate 12, sealed toward the outside via a sealing device, 
an adhesive layer, a weld or the like. 

25 In Figure 2, base plate 12, which is attached to first electrode 2, is made of an elastic material. 
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Base plate 12 has a recess 17 which accommodates first electrode 2. End 13 of first electrode 2 is 
inserted in a relatively snug fit into this recess 17, where it is secured by suitable means, e.g., 
sealing rings, engagement devices, adhesives, etc. Base plate 12 also has contact faces 18, 19, 
e.g., gold contacts on its outside. First and second electrodes 2, 15 are electrically connected to 
5 these contacts 18, 19 by suitable means, to be explained below with reference to Figure 8. 

First electrode 2 rests fixedly on bottom 20 of recess 17 and is thus rigidly connected to base 
plate 12. If first electrode 2 is acted upon by a force F x in axial direction X, base plate 12 which 
is fixedly coupled to first electrode 2 yields in the manner of a diaphragm because of its material 
properties and in this way dampens the impact caused by force Fx. Glass electrode 2 is thereby 
10 shifted slightly in axial direction X into housing 3 thereby preventing damage to and/or 

destruction of glass electrode 2. The exemplary embodiment in Figure 2 shows the simplest 
design variant for implementation of a measuring module 10 according to the present invention 
which is advantageous in particular from the standpoint of assembly and for cost reasons. 

In contrast with the variant in Figure 2, measuring module 10 in Figure 3 has a base plate 12 
15 designed like a diaphragm. Base plate 12 has folded sections 21 ; in the case of an impact F x in 
axial direction X, these folded sections dampen this impact by expanding perpendicular to axial 
direction X, i.e., in direction Y. 

In contrast, a spring 22 is provided in the exemplary embodiment in Figure 4. This spring 22 is 
situated between glass electrode 2 and base plate 12. Spring 22 is secured in base plate 12 by a 
20 receptacle device 23 provided specifically for this purpose and is sealed to the outside by an ear 
ring 24. 

In the exemplary embodiment of Figures 5a, 5b, a rubber buffer 25 is provided. Rubber buffer 25 
is made of an elastic compressible material, e.g., rubber or a spongy material. Rubber buffer 25 
protrudes into chamber 14 through an opening provided specifically for this purpose in base plate 
25 12. At its upper end 48 which protrudes into chamber interior 14, rubber buffer 25 has a recess 
26 into which end 13 of glass electrode 2 is inserted in a form-fitting manner. This end 13 rests 
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on bottom 27 of this recess 26 and is positioned in recess 26 by peripheral sealing lips 28 
provided on lateral faces 29 of recess 26. On the other side 49 of rubber buffer 25 where it 
protrudes through an opening in base plate 12, a peripheral O-ring 24 is provided for sealing it 
from the outside. 

5 The functioning of measuring module 10 is explained below on the basis of Figures 5a, 5b: 

For the measurement, measuring probe 34 of measuring module 10 is introduced into material 16 
to be measured, as illustrated in Figure 5b, for example. Through suitable measures, not 
explained further here, e.g., through a diaphragm, liquid of material 16 to be measured enters the 
area between first electrode 2 and second electrode 15. To facilitate the introduction into material 

10 16 to be measured, measuring probe 34 has a penetrating tip 4 on its end which protrudes out of 
measuring module 10. A force F x in axial direction X is exerted on glass electrode 2 by insertion 
into material 16 to be measured. The damping of the damping element designed as a rubber 
buffer 25 is such that by simply inserting it into material 16, e.g., meat that is to be measured, 
glass electrode 2 is pushed into housing 3 in axial direction X only to an insignificant extent or 

15 none at all. However, if glass electrode 2 strikes a hard object, e.g., a bone, in material 16 to be 
measured, then axial force Fx exerted by this bone on glass electrode 2 will be great enough to 
push glass electrode 2 slightly into housing 3 in axial direction X. The elasticity of rubber buffer 
25 is such that force Fx is sufficient to deform, i.e., compress, rubber buffer 25. Because of this 
deformation, i.e., compression, of rubber buffer 25, glass electrode 2 is pushed into housing 3 

20 and in this way is protected from damage or destruction. The same effect occurs when the 
measuring tip 4 of measuring module 10 is subjected to a sudden impact such as that which 
occurs, for example, when it drops to the floor. 

In the exemplary embodiments according to Figures 2 and 3, a base plate 12 is provided as a 
damping element; in the exemplary embodiment in Figure 4 a spring 22 is provided as a damping 
25 element, and in the exemplary embodiment in Figure 5 a rubber buffer 25 is provided as a 

damping element. In the exemplary embodiments according to Figures 4 through 5, the base plate 
12 is made of a solid material which has dimensional stability and will not undergo deformation 

9 
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under a force impact Fx- However, it would also be conceivable to use a flexible elastic material 
for base plate 12 as in Example 2, because this would further improve the damping effect. 

Figure 6 shows a complete housing 3 of a measuring module 10 designed according to a modular 
design. This measuring module 10 may be designed, for example, as shown in Figures 2 through 
5 5. Contact faces 18, 19 are provided on bottom side 37 of base plate 12. On this side 37, base 
plate 12 also has plug connectors 31 via which measuring module 10 may be attached to a meter 
(not shown in Figure 6). Measuring module 10 has a measuring probe 34. This measuring probe 
34 tapers in the direction of measuring tip 4, so that measuring probe 34 has a much smaller 
diameter dl at upper end 6 of housing 3 than in the lower area facing base plate 12. Measuring 
10 probe 34 may therefore also be inserted into bottles, test tubes or other containers having an 
opening of a smaller diameter. 

The exemplary embodiments according to Figures 2 through 5 illustrate a first electrode 2 
designed as a glass electrode. It would also be conceivable according to Figure 7 if measuring 
probe 34 were made of a silver rod 47 with a glass tube 32 surrounding this silver rod 47. An 

15 electrolyte liquid is typically added between silver rod 47 and glass tube 32. Additionally or 
alternatively, housing 3 may have a protective shell on its upper end 6, protecting housing 3 of 
measuring module 10 toward the outside, e.g., from mechanical stress, moisture or the like. In 
contrast with the exemplary embodiments illustrated in Figures 2 through 5, glass tube 32 
inserted into measuring module 10 from above is glued in its anchoring in receptacle device 32. 

20 Additionally or alternatively, housing 3 may have safety webs 33 which provide additional 
protection for measuring probe 32 on its upper end 6 (Figures 7, 8). 

Because of these protective webs, measuring probe 34 no longer has the pointed measuring tip 4, 
which is advantageous for insertion into material 16 to be measured according to the exemplary 
embodiment in Figure 8, but it is optimally protected. Meter 10 here is suitable in particular for 
25 measurements in liquids and is therefore advantageously used as a laboratory meter. Measuring 
tip 4 is typically rounded for this reason. In addition, Figure 8 shows a tube 50 which tapers to a 
pointed end at the measuring tip and is fixedly connected to the base plate 12 at one end and at 
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the other end protrudes out of housing 3. This pointed tube 50, advantageously made of stainless 
steel, contains a temperature sensor and is used for determining the temperature of material 16 to 
be measured. 

Figure 9 shows a detailed diagram of base plates 12 and electrodes 2, 15 anchored therein. 

5 Electrodes 2, 15 are rigidly connected to base plate 12, either by gluing the electrodes in 

receptacle device 23 according to Figures 7 through 9 or by inserting in a form-fitting manner 
into receptacle devices 23 according to Figures 2 through 5. An electrically conducting rod 35, 36 
connected to electrodes 2, 15 protrudes through base plate 12. On bottom side 32 of base plate 
12, it has injection-molded eyes 38. To maintain defined contact faces 18, 19, one rod 36 is 

10 looped into an eye 38, whereas the other rod 35 is suitably bent around receptacle device 23 
which is provided in base plate 12. 

Electrode 15, which is encased in base plate 12, forms second electrode 15 together with the 
polymer protolyte gel that is introduced into chamber 14 and is situated between housing 3 and 
measuring probe 2. 

15 An advantageous method for manufacturing a measuring module 10 is described below with 
reference to Figure 10: 



(a) 



Rod 35 of electrode 1 is first encased in a plastic material, for example, which 
then forms receptacle device 23. 



(b) 



Rod 35 protruding outward is then bent suitably. To do so, the end of rod 35 



20 



protruding outward is bent or looped around encased plastic body 23 so that rod 
35 is fixedly secured while forming a contact that is electrically contactable from 
the outside. Protruding ends of contact rod 35 are cut off if necessary. The end of 
rod 35 pointing outward may also be aligned suitably at this opportunity. 



(c) 



An O-ring 24 is attached to receptacle device 23. 
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(d) Casing 1 1 of measuring module 10 is encased separately. Encasing second rod 36 
in a plastic material, for example, which forms base plate 12. The contact rod 
which should form second electrode 15 is bent on its outer end and looped into an 
eye 38 provided specifically for this purpose in base plate 12. Base plate 12 and 

5 casing 1 1 are joined together fixedly by ultrasound welding to form housing 3. 

(e) A glass tube 33 is provided, an electrode liquid being added to it. Glass tube 33 is 
then glued in receptacle device 23. Glass tube 33 with electrode liquid contained 
in it as well as contact rod 35 form first electrode 2. 

(f) Finally, this first electrode 2 together with receptacle device 23 is inserted into 
10 chamber 14 of housing 3 while it is still empty and is secured there in a suitable 

way. A sealing device (O-ring 24) seals housing 2 on the side of base plate 12 
from the outside. 

Figure 1 1 shows a cross-sectional diagram of a portable meter 40. Meter 40 has a housing 41 on 
which a pH measuring module 10 is mounted. For example, pH measuring module 10 is 
15 designed according to the measuring modules illustrated in Figures 2 through 7 and has contact 
faces 18 on the bottom side of base plate 12. 

Meter 40 has a keyboard 42 for input of data and a display 43 for displaying measurement results 
and data. A circuit board 44 is provided inside housing 41. Circuit board 44 is contactable to 
corresponding contact faces 18 of measuring module 10 via connecting lines, which are designed 
20 here as spring contacts 45. In this way, pH measuring module 10 is electrically adapted to meter 
40. 

Meter 40 having measuring module 10 is advantageously provided with an elastic protective 
shell 46 for reasons of stability, compactness and hygiene, the shell being designed to be 
transparent or at least partially transparent at least in the area of display 43. 



25 In summary, by using a measuring electrode that is movable in its axial direction, it is possible to 

12 



WO 2004/01 5407 PCT/EP2003/006714 

protect it very easily but nevertheless very effectively against destruction and/or damage when 
there is an impact directed in the axial direction. 

The present invention has been explained on the basis of the exemplary embodiments described 
above so that the principle of the present invention and its practical application may be explained 
5 in the best possible way, but the present invention may of course also be implemented in a 
modified version in a variety of other embodiments. 
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1 


measuring device 


2 


first electrode, glass electrode 


3 


housing of measuring module 


4 


measuring tip 


5 


opening 


6 


upper end of housing 


7 


longitudinal axis 


10 


(replaceable) measuring module 


11 


casing 


12 


base plate, carrier plate 


13 


end of first electrode 


14 


chamber 


15 


second electrode, silver electrode 


16 


material to he measured 


17 


recess 


18 


contact faces, gold contacts 


19 


contact faces, gold contacts 


20 


bottom of recess 


21 


folded sections 
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22 


spring 


23 


receptacle device 


24 


O-ring 


25 


rubber buffer 


26 


recess 


27 


bottom of recess 


28 


peripheral sealing lip 


29 


side face of recess 


31 


plug connection 


32 


glass tube of the first electrode 


33 


protective webs 


34 


measuring probe 


35 


(electrically conductive) pins 


36 


(electrically conductive) pins 


37 


bottom side of base plate 


38 


eye 


39 


weld 


40 


(portable) meter 


41 


housing of meter 


42 


keyboard 


43 


display 
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44 circuit board 

45 spring contacts 

46 safety shell 

47 silver rod 

48 upper end of receptacle device 

49 lower end of receptacle device 

50 tube with temperature sensor 

dl diameter of measuring probe 

X axial direction 

Y direction perpendicular to axial direction 

F x force in axial direction 
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